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Summary 

The c r y s t a l  and m o l e c u l a r  s t r u c t u r e  of an  asymmetric 

d i a c e t y l e n e  d e r i v a t i v e  monomer h a s  been de te rmined  from x-ray 

d i f f r a c t i o n  data. The crystals are m o n o c l i n i c ,  P21/c w i t h  

Z = 4 i n  a u n i t  ce l l  hav ing  d imens ions ,  a = 11.116(1)  A ,  

b = 13 .429(2 )  A,c = 14 .672(3 )  A ,  8 = 106.84(6)O.  The s t r u c t u r e  

w a s  s o l v e d  by d i r e c t  methods and r e f i n e d  by l e a s t - s q u a r e s  

t e c h n i q u e s  to an RF of 6.2% for 1991  r e f l e c t i o n s .  The 

d i a c e t y l e n e  backbone c h a i n s  a r e  almost p e r f e c t l y  paral le l  to  t h e  

ac -p lane ;  however,  t h e y  are d i s p l a c e d  from e a c h  other  i n  t h e  

[OlO] d i r e c t i o n .  The s o l i d  s t a t e  p o l y m e r i z a t i o n  mechanism is 

d i s c u s s e d  w i t h  respect to t h e  geometric d i s p o s i t i o n  o f  t h e  

d i a c e t y l e n e  c h a i n s ,  which i n  t h i s  c rys ta l  are too f a r  apar t  t o  

permit p o l y m e r i z a t i o n  by means of 1, 4 - a d d i t i o n ,  c o n s i s t e n t  w i t h  

t h e  Baughman m e c h a n i s t i c  model. 



I n t r o d u c t i o n  

The search for  macroscopic s i n g l e  c rys t a l s  of polymers, 

which are u s e f u l  i n  t h e  s t u d y  of s o l i d - s t a t e  propert ies  and t h e  

i n v e s t i g a t i o n  of p o s s i b l e  a p p l i c a t i o n s  t o  t e c h n o l o g i c a l  n e e d s ,  

h a s  been  conducted  f o r  a number of years. These e f f o r t s  have 

b e e n  u n s u c c e s s f u l ,  e x c e p t  fo r  t h e  topochemica l  p o l y m e r i z a t i o n  o f  

c e r t a i n  c o n j u g a t e d  compounds'). S e v e r a l  classes of o r g a n i c  

compounds c a n  undergo p o l y m e r i z a t i o n  when exposed  to  h igh-energy  

r a d i a t i ~ n ~ , ~ ~ ~ , ~ , ~ ) .  

s y n t h e s i s  of h i g h l y  c r y s t a l l i n e  polymers and macromolecular  

s y s t e m s .  A d i r e c t  c o r r e l a t i o n  h a s  been  e s t a b l i s h e d  between t h e  

Such r e a c t i o n s  p r o v i d e  a means o f  d i rec t  

geomet ry  and s t e r e o c h e m i s t r y  of t h e  m o l e c u l e s  i n  t h e  monomer 

c r y s t a l  and t h e  c r y s t a l l i n e  m o l e c u l a r  s t r u c t u r e  o f  t h e  

po lymer7 ,8 ,9 ,10 ,11 ,12 ) .  

One of t h e s e  r e a c t i o n s  is t h e  topochemica l  p o l y m e r i z a t i o n  o f  

monomer d i a c e t y l e n e s  w i t h  c o n j u g a t e d  t r i p l e  bonds.  T h i s  r e a c t i o n  

is known to proceed a s  a 1 , 4 - a d d i t i o n  to  t h e  c o n j u g a t e d  t r i p l e  

bonds  a c c o r d i n g  to: 

where  R and R' a r e  v a r i o u s  s u b s t i t u e n t s .  S i n g l e  c rys ta l s  o f  a 

number o f  t h e s e  monomers and polymers have been s t u d i e d  by x-ray 

and n e u t r o n  d i f f r a c t i o n  and Raman-spectroscopy, and t h e i r  

s t e r e o c h e m i s t r y  h a s  been es tab l i shed '  '13 , l 7 r 1 *  f l ' )  . 
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S t e r e o c h e m i c a l  cr i ter ia  gove rn ing  t h e  d i s p o s i t i o n  o f  t h e  

m o l e c u l e s  i n  t h e  monomer c r y s t a l  r e q u i r e d  i n  o r d e r  to  b r i n g  a b o u t  

p o l y m e r i z a t i o n  were advanced by Baughman’) based  on 

c r y s t a l l o g r a p h i c  s t u d i e s  and t h e  p r i n c i p l e  of  l ea s t  mot ion .  I n  

s u c h  a model, t h e  p o l y m e r i z a t i o n  r e a c t i o n  is d e s c r i b e d  as a 

r o t a t i o n a l  mot ion  of t h e  s t r u c t u r a l  u n i t s  w i t h  a s p e c i f i c  s p a c i n g  

of t h e  r e a c t i v e  d i a c e t y l e n e  c h a i n s  a l o n g  t h e  growth  d i r e c t i o n  

(some l a t t i c e  v e c t o r  2) hav ing  a p e r i o d  dl and making an 

a n g l e  y1 w i t h  v e c t o r  (see Fig .  1). According  to t h i s  t h e o r y ,  

t h e  idea l  p a r a m e t e r s  d2 and y2, i n  t h e  polymer form, have v a l u e s  

of 5.0 A and 13.0°. The r e a c t i v i t y  o f  a monomer c r y s t a l  would 

depend ,  t h e r e f o r e ,  on  how close dl and y1 are to  d2  and y2. 

However, a number of o t h e r  f a c t o r s  i n f l u e n c e  r e a c t i v i t y  and it is 

n o t  possible t o  make q u a n t i t a t i v e  p red ic t ions  a b o u t  s p e c i f i c  

compounds. 

S i n c e  w e  were a b l e  to  o b t a i n  good q u a l i t y  s i n g l e  c r y s t a l s  of t h e  

t i t l e  s u b s t i t u t e d  d i a c e t y l e n e  compound (R = -CH20CO-C6H5-N(CH3)2,  

R = -CH,0CO-C6Hs-(N02)2J w e  c o n s i d e r e d  it of  i n t e r e s t  to car ry  

o u t  a n  x-ray d i f f r a c t i o n  a n a l y s i s ,  i n  hopes  t h a t  t h e  r e s u l t s  

would p r o v i d e  more i n s i g h t  i n t o  t h e  r e l a t i o n s h i p  between 

s t r u c t u r e  and r e a c t i v i t y  o f  t h e s e  v e r y  i n t e r e s t i n g  and p romis ing  

d i a c e t y l e n e  d e r i v a t i v e  materials. 
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E x p e r i m e n t a l  P a r t  

La rge  r e d  t r a n s p a r e n t  c r y s t a l s  of t h e  t i t l e  compound were 

o b t a i n e d  by c r y s t a l l i z a t i o n  from a CH2Ca2/hexane m i x t u r e .  

crystals are s t a b l e  i n  l i g h t  and a i r ,  and showed no d e c o m p o s i t i o n  

unde r  x-ray r a d i a t i o n  d u r i n g  t h e  l e n g t h  o f  t h e  expe r imen t .  A 

s m a l l  t r i a n g u l a r  shaped s l a b  (0.2 x 0.2 x 0.06 mm) w a s  used for 

These  

t h e  d a t a  c o l l e c t i o n .  The u n i t  c e l l  p a r a m e t e r s  were o b t a i n e d  from 

15 h igh -ang le  reflections r e f i n e d  on t h e  d i f f r a c t o m e t e r .  These  

are: a = 11 .116(1 )  A ,  b = 13.429(2)  A ,  c = 14 .672(3 )  A ,  B = 

106 .84(6 )O,  Z = 4 ,  dcaic.  = 1.433 g/crn3, P21/c. 

were measured w i t h  a s i n g l e - c r y s t a l  d i f f r a c t o m e t e r  (E-N CAD4) 

u s i n g  8/28 s c a n s  and CuKG ( A  = 1.5418 A )  graphi te-monochromated 

r a d i a t i o n .  A t o t a l  of  5590 (emax = 60 " 1  d o u b l y - e q u i v a l e n t  

r e f l e c t i o n s  were c o l l e c t e d  which were ave raged  and 

s e l e c t e d  ( I  > 3 u ( I ) )  to  g i v e  1991 i n d e p e n d e n t  r e f l e c t i o n s  f o r  t h e  

The i n t e n s i t i e s  

a n a l y s i s .  N o  a b s o r p t i o n  c o r r e c t i o n  w a s  a p p l i e d .  

The s t r u c t u r e  w a s  s o l v e d  by d i r e c t  methods u s i n g  

MULTAN2'). Refinement  by  f u l l - m a t r i x  l e a s t - s q u a r e s  w i t h  

a n i s o t r o p i c  the rma l  p a r a m e t e r s  l e d  to  a f i n a l  R- fac to r  ( o n  F)  o f  

6.2% and a G.O.F. = 1.49821). The hydrogen atom p o s i t i o n s  were 

r e f i n e d  w i t h  f i x e d  i s o t r o p i c  t h e r m a l  f a c t o r s .  A f i n a l  F o u r i e r  

d i f f e r e n c e  map showed no e l e c t r o n  d e n s i t y  peaks  g r e a t e r  t h a n  

0.47 e'/A3. The f i n a l  p o s i t i o n a l  and t h e r m a l  parameters are 

g i v e n  i n  Tabs.  1 and 2*. 

*A l is t  o f  s t r u c t u r e  f a c t o r s  may be  o b t a i n e d  from M.V. 
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R e s u l t s  and D i s c u s s i o n  

A p r o j e c t i o n  of t h e  s t r u c t u r e  on t h e  ac -p lane  is drawn i n  

F i g .  2. T h i s  d iagram shows t h e  d i a c e t y l e n e  backbone c h a i n s  

p a r a l l e l  to  e a c h  o t h e r ,  b u t  s i t u a t e d  a t  d i f f e r e n t  l e v e l s  along 

t h e  b -ax i s .  The f o u r  atoms ( C 2  to C5) c o m p r i s i n g  t h e  d i a c e t y l e n e  

backbone  l i e  n e a r l y  i n  t h e  ac-p lane ,  w i t h  a maximum d e v i a t i o n  of 

0.090 A and a mean d e v i a t i o n  of 0.046 A .  Even t h e  ex tended  c h a i n  

( C 1  to C 6 )  is q u i t e  p a r a l l e l  t o  t h i s  p l a n e  (maximum d e v i a t i o n  

0.396 A and mean d e v i a t i o n  0.111 A ) .  T h i s  p l a n a r i t y  is common t o  

many d i a c e t y l e n e  d e r i v a t i v e s ,  and o n l y  t h e  s i d e - c h a i n s  a r e  

i n c l i n e d  w i t h  r e s p e c t  to  t h e  cha in  t o  accommodate c r y s t a l  pack ing  

r e q u i r e m e n t s  2 2 r 2 3 ) .  

d i a c e t y l e n e  c h a i n  are g i v e n  i n  F ig .  3. I t  c a n  be s e e n  t h a t  t h e  

t r i p l e  bonds (C2-C3 and C4-CS) have t h e i r  e x p e c t e d  v a l u e s  

compared to  t h e  a v e r a g e  < C  z C> = 1 . 2 0 6 ( 4 )  A and to o the r  

d i a c e t y l e n e s  2 2 , 2 3 ) .  

a d j o i n i n g  " s i n g l e "  bonds is e v i d e n t  by t h e i r  e f f e c t i v e  v a l u e s  o f  

1 . 4 6 0 ( 6 )  A and 1 . 4 7 8 ( 6 )  A f o r  Cl-C2 and C5-C6, and o f  

1 . 3 7 7 ( 6 )  A f o r  C3-C4. S i m i l a r  bond d i s t a n c e  and a n g l e  v a l u e s  

The bond d i s t a n c e s  and bond a n g l e s  o f  t h e  

The e f f e c t  o f  t h e s e  t r i p l e  bonds on  t h e  

have been  o b s e r v e d  i n  2 ,4 -hexad iyned io l  and other s u b s t i t u t e d  

d iace t y l e n e s  2 3 ) .  All o t h e r  bond d i s t a n c e s  and bond a n g l e s  i n  t h e  

m o l e c u l e  conform to  t h e  g e n e r a l  a c c e p t e d  v a l u e s  f o r  o r g a n i c  

compounds (Tab.  3 ) .  The cohes ive  f o r c e s  i n  t h e  c r y s t a l  are  d u e  

to  hydrogen bonding and other  van d e r  Waals i n t e r a c t i o n s .  The 

f a c t  t h a t  a l l  hydrogen atoms a r e  bonded t o  c a r b o n ,  any hydrogen 

bonding  i n t e r a c t i o n  would c e r t a i n l y  be weak. S e v e r a l  C-H.. . .O 
i n t e r m o l e c u l a r  i n t e r a c t i o n s  seem t o  be o f  impor t ance :  
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O(2) ... ..H(16) = 2.695(5) A ,  0(6).....H(12) = 2.771(5) A and 

0(7).....H(6) = 2.673(5) A .  

The d i s p o s i t i o n  of t h e  m o l e c u l e s  w i t h  r e s p e c t  to  each o t h e r ,  

and i n  p a r t i c u l a r  t h a t  of t h e  d i a c e t y l e n e  backbone c h a i n s ,  

d e t e r m i n e s  t h e  metric and a n g u l a r  r e l a t i o n s h i p s  between t h e s e  

c h a i n s .  The u n i t  ce l l  c o n t a i n s  t w o  d i f f e r e n t  symmetry o p e r a t o r s  

(21 and 1 1 ,  l e a d i n g  to t w o  d i f f e r e n t  i n t e r c h a i n  d i s t a n c e s  and 

g i v i n g  rise to t w o  sets of Baughman g e o m e t r i c  p a r a m e t e r s  ( d  

and y ) ' ) .  These are: 

d l  = 7.314 A 

d i  = 5,555 A 

y1 = 78.71O (molecules r e l a t e d  by 21). 

y i  = 42.83O (molecules r e l a t e d  by i). 

The compar ison  of these v a l u e s  to t h e  c r i t i ca l  d i s t a n c e  and 

a n g l e  ( d 2  = 5.0 A ,  y2 = 13.0 A )  d e t e r m i n e d  by Baughman as i d e a l  

v a l u e s  f o r  s o l i d  s t a t e  p o l y m e r i z a t i o n  i n d i c a t e s  t h a t  t h e  o b s e r v e d  

v a l u e s  are too l a r g e  to  a l l o w  p o l y m e r i z a t i o n  to  t a k e  p l a c e .  T h i s  

c l e a r l y  e x p l a i n s  why t h i s  p a r t i c u l a r  asymmetr ic  d i a c e t y l e n e  is 

n o t  r e a c t i v e  towards p o l y m e r i z a t i o n  w i t h  any r a d i a t i o n  sources - 
v i s i b l e ,  W, or x-ray. The d i s p o s i t i o n  adopted  by t h e  molecules 

i n  t h e  c r y s t a l l i n e  s t a t e ,  s u r e l y  as a consequence  o f  t h e  s te r ic  

and r e p u l s i v e  i n t e r a c t i o n s  of t h e  R and R '  g r o u p s  which are 

ra ther  bu lky ,  r e su l t s  i n  i n t e r c h a i n  s e p a r a t i o n s  w h i c h  are too 

l o n g  to  allow t h e  1, 4 - a d d i t i o n  reaction to  take p l a c e .  W e  c a n  

c o n c l u d e  t h e n ,  t h a t  t h e  s t a b i l i t y  o f  t h e  t i t l e  compound to  

p o l y m e r i z a t i o n  is c o n s i s t e n t  wi th  t h e  Baughman model: The s i z e  

and f u n c t i o n a b i l i t y  of t h e  R and R'  g r o u p s  as w e l l  as t h e  
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r i g i d i t y  of the  local environment are c r i t i c a l  i n  a l lowing  a 

monomer to have optimal  d l  and y1 v a l u e s  (see Tab. 4 ) .  

f u r t h e r  concluded t h a t  symmetric ( R  = R') d i a c e t y l e n e s  are more 

l i k e l y  to have t h e s e  optimal va lues  than asymmetric o n e s ,  and 

thus  be more r e a c t i v e .  

I t  can be 
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Figure  Captions 

Figure  1. D i s p o s i t i o n  of t h e  d i a c e t y l e n e  cha ins  i n  t h e  monomer 

and polymer crystal and the  i d e a l  geometric parameters 

for s o l i d  state polymerization.  

Figure 2 ,  P r o j e c t i o n  on the  ( 1 0 1 )  p lane  of the  ce l l  content  

showing the  d i s p o s i t i o n  of t h e  cha ins .  

Figure 3 .  Backbone chain  of t h e  d i a c e t y l e n e  monomer. D i s tances  

(t 0.006 A )  and ang les  (t 0.5O). 
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Table 1. P o s i t i o n a l  and Thermal  P a r a m e t e r s  for C22H17N308 . 
A tom X Y 

0,7683 ( 5 )  
0.6722 ( 5 )  
0,5917 ( 5 )  
0 -4984 ( 5 )  
0.4194 ( 5 )  
0 ,3268 ( 5 )  
0,7444 ( 4 ) 
0 . 6264 ( 4  ) 
0.5818 ( 4 )  
0.6526 ( 5 )  
0.7697 ( 5  ) 
0.8154 ( 4 )  
0 . 7979 ( 5  ) 
0 , 4887 ( 6  ) 
0.68.39 ( 7 ) 
0 . 0301 ( 4 )  
0 -0268 ( 4 )  

-0 ,0711(4)  
-0 . 1664 ( 4 ) 
-0 .1581(4)  
-0 . 0644 ( 5 ) 

0.1348 ( 5 )  
0 .6105(  4 )  

-0 .2610(4)  
-0 , 0767 ( 4 )  

0 -7209 ( 3 )  
0 -8962 ( 3  ) 
0,2219 ( 3 )  
0 -1403 ( 3 )  

-0 . 2484 ( 4  ) 
-0.3508 ( 3 ) 
-0 .1657(4)  

0,0069 ( 4 )  
0 -787  (1) 
0 -854 (1) 
0.295 ( 1) 
0 ,368(  1) 
0 -570 (1) 
0 . 490 (1) 
0.823 ( 1) 
0 ,905  (1) 
0.099 ( 1) 

-0 241  (1) 
-0.062 ( 1) 

0 . 4 8 0 ( 4 )  
0 , 481  ( 4 )  
0 .420(  4 )  
0.765 ( 4 )  
0.704 ( 4 )  
0.635 ( 4 )  

0 ,4103 ( 4 )  
0 . 40 88 ( 3  ) 
0,4088(  3 )  
0 - 4117( 3 )  
0.4187 ( 3 )  
0 ,4383(4 )  
0.5570 ( 3  ) 
0.6017( 3 )  
0 . 6721(  3 )  
0.7039( 3 )  
0 . 6563(  4 )  
0 . 5852 ( 3  ) 
0 . 4858( 3 ) 
0 . 8231(  4 )  
0 -8097 ( 5  ) 
0.3063 ( 3 )  
0.2392( 3 )  
0.1710( 3 )  
0.1685 ( 4 )  
0.2377( 3 )  
0 , 3064 ( 3 )  
0.3793 ( 4 )  
0 ,7770(  3 )  
0.2368 ( 3 ) 
0,0997(  3 )  
0.4736( 2 )  
0.4430( 3 )  
0,3690(  2 )  
0 ,4396(  3 ) 
0.2930( 3 )  
0.1831( 3 )  
0.0417( 3 ) 
0.1025( 3 )  
0.339 (1) 
0 . 440 (1) 
0.512 (1) 
0 . 427 (1) 
0,580 (I) 
0 , 704 (1 ) 
0.675 (1) 
0 .553(1 )  
0 .238(1)  
0 .117(1)  
0 .358(1)  
0.883 ( 3  ) 
0.858 ( 3 )  
0 ,773 ( 3  ) 
0.836 ( 3  ) 
0.769(3)  
0 .882(3)  

0 .7321(3)  
0 , 7820 ( 3 ) 
0,8209( 3 )  
0.8655 ( 3 )  
0 . 9 0 3 s  ( 3 ) 
0,9561 ( 3 )  
0 -5175 ( 3  ) 
0.5038 ( 3 )  
0 -4362 ( 3 )  
0,3748 ( 3  ) 
0,3869 ( 3 )  
0.4559( 3 )  
0 .5938(3 )  
0.2971 ( 4 )  
0 -2473 ( 5 )  
0.9330 ( 3 )  
0,8605 ( 3  ) 
0,8352 ( 3 )  
0 -8780 ( 3 )  
0 -9503 ( 3 )  
0 -9778 ( 3 )  
0,9679 ( 3 )  
0.3099( 3 )  
0 -9956 ( 3  ) 
0.7577 ( 3  ) 
0.6496 ( 2 )  
0 -6083 ( 2 )  
0.9217 ( 2 ) 
1.0298 ( 3 )  
1 , 0 6 5 1 ( 3 )  
0.9628 ( 3 )  
0 , 7353 ( 3 ) 
0.7184 ( 2 )  
0 -710 (1) 
0,776 (1) 
0 -947  (1) 
1.031(1) 
0 .548(1 )  
0 .426(  1) 
0.339(  1) 
0 . 462 (1) 
0 . 825 (1) 
0 . 8 5 6 ( 1 )  
1 .033  (1) 
0,249 ( 3  ) 
0.362 ( 3 )  
0 . 2 7 9 ( 3 )  
0.286 ( 3  ) 
0.210 ( 3 )  
0.221 ( 3 )  

5 . 0 ( 2 )  
4 . 2 ( 2 )  
4 . 0 ( 2 )  
3 . 1 ( 2 )  
3 , 1 ( 2 )  
3 . 2 ( 2 )  
2 .7 (2 )  
2 .7 (2 )  
2 .9 (2 )  
2 .9 (2 )  
3 . 5 ( 2 )  
2 .9 (2 )  
2 .9 (2 )  
4 , 3 ( 2 )  
5 , 1 ( 2 )  
3 . 3 ( 2 )  
2 , 6 ( 2 )  
2 . 6 ( 2 )  
2 . 9 ( 2 )  
2 , 9 ( 2 )  
3 , 2 ( 2 )  
3 . 0 ( 2 )  
3 . 9 ( 2 )  
3.7( '2) 
3 , 5 ( 2 )  
3 .3(1)  
4 . 0 ( 1 )  
2 .9 (1 )  
4 . 8 ( 1 )  
5 . 2 ( 1 )  
4 . 8 ( 1 )  
5 . 1 ( 1 )  
4.961) 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.5 
5.5 
5.5 
5.5 
5.5 
5.5 

a E q u i v a l e n t  is0 tropic  t h e r m a l  p a r a m e t e r  
bFixed  isotropic v a l u e  



a Table 2, A n i s o t r o p i c  Thermal Parameters f o r  C22H17N308 . 

'11 '22 ' 33 $12 813 '23 A t o m  

.0113(3)  
, 0103(3 )  
,0105 ( 3 )  
, 0094 ( 3  ) 
, 0081(3 )  
, 0080 ( 3 )  
,0072 ( 3  ) 
,0082 ( 3 )  
,0079 ( 3 )  
.0089(3)  
,0097 ( 3 )  
, 0063(3 )  
. 0082(3 )  
, 0139 ( 3 )  
.0205(3)  
, 0 0 6 4 ( 3 )  
,0063 ( 3 )  
, 0079 ( 3 )  
.0059(3)  
-0066 ( 3 )  
,0093 ( 3 )  
, 0078( 3 )  
, 0131(3 )  
.0101(3)  
.0107(3)  
, 0093 ( 2 )  
,0087 ( 2 )  
.0076(2)  
. 0130(2 )  
.0156(3)  
,0097 ( 3 )  
.0145(3)  
, 0144(3 )  

,0065 ( 3 )  
,0049 ( 3 )  
,0042 ( 3  ) 
,0043 ( 3 )  
.0050(3)  
-0060 ( 3 ) 
, 0047(3 )  
.0055 ( 3 )  
,0057(3 )  - , 0054(3 )  
,0070(3)  
-0065 ( 3 )  
,0053 ( 3  1 
.0046 ( 3 )  
.0071( 3 )  
, 0047 ( 3 )  
.0052(3)  
.0048 ( 3 )  
.0057(3)  
,0055 ( 3 ) 
.0050(3)  
, 0058 ( 3 )  
.0070(3)  
, 0067 ( 3 )  
.0069(3)  
.0062(2)  
,0083 ( 2 )  
.0050(2)  
.0090 ( 2 )  
.0090 ( 3 )  
.0097 ( 3  ) 
.0094(3)  
.0098(3)  

,0061 ( 3  ) 
.0050(3) 
,0049 ( 3  ) 
, 0057 ( 3 ) 
,0058 ( 3 )  
0 0054 ( 3  ) 
,0049 ( 3  ) 
.0040(3) 
,0045 ( 3  ) 
,0042(3)  
,0056 ( 3  ) 
.0051( 3 ) 
.0048 ( 3  ) 
.0086(3)  
-0073 ( 3 )  
.0042 ( 3 )  
.0047 ( 3  ) 
.0035 ( 3 )  
.0057 ( 3  ) 
, 0056 ( 3 )  
.0059(3)  
.0052(3) 
.0055 ( 3  ) 
, 0069 ( 3 )  
.0048(3)  
.0054(2)  
.0073 ( 2 )  
, 0051 ( 2 ) 
,0082 ( 2 )  
.0097 ( 3 ) 
.0097 ( 3 )  
.0082( 3 )  
.0076 ( 3 ) 

c. 

.0020(1)  
,0000 (1) 

-,0006(1)  -. 0018 (1) 
-,0014 (1 ) -. 0017 ( 1) 
- ,0010(1)  
-.0004 (1) 

.0003(1 )  
- .0016(1) 
- 0  0019 (1) 
- 0  0001 (1) 

.0006(1)  
-.0007(1) -. 0035 (1) -. 0002 (1) 

,0003 (1) 
-.0001(1) 
.0001(1) 
,0004 (I) 
. O O O S (  1) 
.oooo (I) -. 0014 (1) 
-0014 (1) -. 0003 (1) 
,0013(1 )  
,0026 (1) 

-.0016(1) 
-.0035 (1) -. 0007 (1) -. 0023 (1) 
-,0055 (1) 
-.0016(1) 

c. 

. 0035(1 )  
, 0021(1 )  
.0018(1)  
.0017 (1) 
.0010 (1) 
. O O l O  (1) 
.0025(1)  
.0028(1)  
,0023 (1) 
,0022(1 )  
.0043( 1) 
.0027 (1) 
,0028 (I) 
.0020(1)  
,0063 (1) 
.0011(1) 
,0018 (1) 
.0009 (1) 
, 0 0 1 4 ( 1 )  
, 0032 (1) 
,0032 (1) 
.0023(1)  
.0030 (1) 
,0043 (1) 
,0013(1 )  
. 0037(1 )  
.0034(1)  
. 0017(1 )  
. 0052(1 )  
, 0085 ( 1) 
.0049(1)  
, 0033 (1) 
. 0 0 5 8 ( l )  

m 

.0024(1)  

.0076 (1) 
,0004 (1) 

-,0007 (1) 
.0006(1 )  
0001 ( 1) 

- 0  0009(  1) 
-.0006(1) 

. 0006(1 )  
-,0001(1) -. 0008 (1) 
-.0003 (1 ) 
-,0007 (1) 
, 0005 (1) 
.0004 (1) 
.0001(1 )  
. 0011(1 )  
.OOOO(l) 
,0013 (1) 
.0008 (1) 
.0004 (1) 
. 0011(1 )  
.0018 (1) 
.0013 (1) 
.OOOO(l) 
. 0 0 0 9 ( l )  
.0004(1)  -. 0003 (1) 

-.0042( 1) -. 0011  ( 1 ) 
- 0  0001( 1) -. 0028 (1) 
- 0  0020 (1) 

1'+ 2B12hk + B22k' + B 3 3  L aThe t e n s o r  is of t h e  form exp (-Bllh 
2B13hl + 2823kl )  
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Table 3. Interatomic d i s t a n c e s  ( A )  and a n g l e s  ( O )  

for  C22H17N308 o 

c ( 1)-c ( 2 1 
C(1 )-O(l) 
C( 2 1-C( 3 1 
c ( 3 1-c ( 4 1 
C( 4 )-C( 5 1 
C( 5 1 -C( 6 1 
C ( 6 1-0 ( 3 1 
C(ll)-C(12) 
C(ll)-C(16) 
C( ll)-C(17) 
C ( 12 ) -C913 ) 
C( 13 1 -C( 14 ) 
C(14)-N(l) 
C(14)-C(15) 
C(15)-C(16) 
C(17)-0(2) 
C( 17.)-O(l) 
C(18)-N(l) 
C(lg)-N(l) 
C(21)-C(22) 
C( 21)-C( 26) 
C(21)-C(27) 
C(22)-C(23) 
C(23)-C(24) 
C( 23 1-N( 3) 
C(24)-C(25) 

1.460 (6) 
1,448 ( 5 )  
1.192 (6 ) 
1.377 (6 ) 
1,173(6) 
1,478 (6) 
1.462 (5 ) 
1,403(6) 
1 . 413 (6 ) 
1,462 (6 ) 
1.357 (6 ) 
1.422(6) 
1.354(5) 
1.414 (6) 
1.377 (6) 
1.198 (5) 
1.355 (5) 
1.449 (7) 
1.461( 7) 
1.387 (6) 
1.391 (6 ) 
1 . 494 ( 6 ) 
1.388 (6 ) 
1.379 (6) 
1.474 (5 ) 
1 . 393 (6 ) 

C(2)-C(l)-O(l) 106 . 6(4) 
C(l)-C(2)-C(3) 178.3 (5) 
C(2)-C(3)-C(4) 178 -4 (6 ) 
C( 3 1 -C( 4 ) -C( 5 ) 177 - 0  ( 6) 
C(4)-C(S)-C(6) 173.5(5) 
C(S)-C(6)-0(3) 108.3 ( 4 ) 
C(l2)-C(ll)-C(l6) 117.8 (4) 
C(12)-C(ll)-C(l7) 123 . O  (4) 
C(l6)-C(ll)-C(l7) 119.2( 4) 
C(ll)-C(12)-C(l3) 122.1 (4) 
C(12)-C(13)-C(14) 121.4(4 1 
C(13)-C(l4)-C(15) 116.3 (4) 
c(l3)-C(l4)-N(l) 121.4 (5 ) 
c(l5)-C(l4)-N(l) 122.3 (5) 
C(14)-C( 15)-C( 16) 122.4( 4) 
C(ll)-C(l6)-C(l5) 120.1 (4) 
C(ll)-C(17)-0(1) 110.7 (4) 
C(ll)-C(17)-0(2) 126.6 (4) 
o(l)-C(17)-0(2) 122.6(4) 
C(22)-C(21)-C(26) 120.5( 4) 
C(22)-C( 21)-C( 27) 122.3(4) 
C(26)-C(21)-C(27) 117 . 2 (4) 
C(2l)-C(22)-C(23) 118.6(4) 

C(l)-H(lO) 
C(1)-H( 11) 
C( 6)-H( 60) 
C(6)-H(61) 
C( 12)-A( 12) 
C(13)-H(13) 
C(15)-H(15) 
C(16)-H(16) 
C( 18)-H( 180) 
C(18)-H(181) 
C(18)-H(182) 
C(19)-H(190) 
C(19)-H(191) 
C(19)-8(192) 
C( 22)-H( 22) 
C(24)-H(24) 

C(22)-C( 23)-c( 24) 
C(22)-C(23)-N(3) 
C(24)-C(23)-N(3) 
C(23)-C(24)-C(25) 
C(24)-C(25)-C(26) 
C(24)-C(25)-N(2) 
C(26)-C(25)-N(2) 
C(21)-C(26)-C(25) 
C(21)-C( 27)-0(3) 
C(21)-C(27)-0(4) 
0(3)-C(27)-0(4) 
C( 14 )-N (1) -C( 18 ) 
C(l4)-N(l)-C(l9) 
C(l8)-N(l)-C(l9) 
C(25)-N(2)-0(5) 
C(25)-N(2)-0(6) 
0(5)-N(2)-0(6) 
C(23)-N(3)-0(7) 
C(23)-N(3)-0(8) 
0(7)-N(3)-0(8) 
C(l)-O(l)-C(17) 
C(6)-0(3)-C(27) 

1.393 (6) 
1.363(6) 
1.480 (5 ) 
1.206 (5) 
1.339 (5 ) 
1.244(5) 
1.212(5) 
1.227(5) 
1.228 (5) 

1.06(1) 
1.06(1) 
1.05(1) 
1.07(1) 
1.06(1) 
1.07(1) 
1.07(1) 
1.07(1) 
1.06(4) 
1.09(4) 
0,99(4) 
0.98(4) 
0.86(4) 
1.12(4) 
1.07(1) 
1.06(1) 

122.7 (4) 
119.3(4) 
117.9 (4) 
116.1 (4 ) 
123.6 (4) 
116.6 ( 4 ) 
119 .7 ( 4 ) 
118 .4 (4) 
111.4 (4) 
124.3 (4) 
124.3 (5) 
121.4 (4) 
121.1 (5) 
117.5 (5) 
116.5 (4 1 
118.7 (4 
124.8 (4) 
118 . O  (4) 
118.3 (4) 
123 .7 (4 ) 
115.8 (4 1 
112.4 (4) 
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T a b l e  4.  Crit ical  p a r a m e t e r s  f o r  s o l i d - s t a t e  p o l i m e r i z a t i o n  of 

R d l  ( A )  Y l ( 0 )  P o l y m e r i z a t i o n  

d i a c e t y l e n e s  R-C-CrC-CZC-R 

p r e s e n t  
compount 
(asymmetric) . -  

5.34 

5.65 

4 . 3 s  

6 .04  

5 . 5 6  
7.31 

41.4 

42.0 

58.8 

50 .9  

42.8 
78.7 

v e r y  r e a d i l y  

r e a d i l y  

w i t h  d i f f i c u l t y  

no p o l y m e r i z a t i o n  

no p o l y m e r i z a t i o n  



t 

a 






